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Abstract Background: Children with chronic kidney disease (CKD) undergoing hemodialysis are at high risk of
developing dental hard tissue lesions due to metabolic, immunological, and salivary alterations. Conventional dental
management in this population often fails to address underlying pathogenetic mechanisms. Objective: To evaluate the
effectiveness of a complex pathogenetically oriented treatment approach in improving oral health status in children
undergoing hemodialysis. Materials and Methods: A total of 90 children aged 6-12 years were included in the study and
divided into three groups: the main group (hemodialysis patients receiving complex treatment), the comparison group
(hemodialysis patients receiving standard treatment), and the control group (healthy children). Dental status was assessed
using DMF index, OHI-S, Plaque Index (PI), and PMA index. Statistical analysis included Student’s t-test and correlation
analysis. Results: Children undergoing hemodialysis demonstrated significantly worse oral health indicators compared to
healthy controls (p<0.05). The main group showed improved outcomes compared to the comparison group, with lower values
of DMF (14.310.79 vs 11.5840.73 baseline-adjusted), OHI-S, PI, and PMA indices. A reduction in inflammatory and
hygienic indices indicated the effectiveness of complex therapy. Significant correlations were found between clinical
indicators and metabolic parameters. Conclusion: The complex treatment approach demonstrated higher clinical
effectiveness compared to standard therapy in children undergoing hemodialysis. Incorporating pathogenetic factors into
dental management improves treatment outcomes and may reduce the progression of oral diseases in this high-risk
population.
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1. Introduction

Chronic kidney disease (CKD) in children represents a
significant global health problem due to its progressive
nature and its impact on multiple organ systems. In advanced
stages of CKD, hemodialysis becomes a life-sustaining
treatment; however, it does not fully eliminate the systemic
metabolic and immunological disturbances associated with
renal dysfunction. These disturbances play a crucial role in
the development of oral diseases, particularly affecting the
hard tissues of the teeth [1,2,4].

The oral cavity is highly sensitive to systemic changes,
and in children with CKD, alterations in mineral metabolism,
immune response, and salivary function significantly
influence dental health. Calcium-phosphorus imbalance,
vitamin D deficiency, metabolic acidosis, and secondary
hyperparathyroidism are among the key pathogenetic
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mechanisms associated with CKD. These factors directly
affect enamel and dentin formation, leading to structural
weaknesses, reduced mineral density, and increased
susceptibility to dental caries and non-carious lesions [5,6].

Children undergoing hemodialysis are particularly vulnerable,
as they are exposed to chronic metabolic disturbances during
critical periods of growth and development. Unlike adults,
whose dental tissues are already fully formed, children
experience ongoing odontogenesis. As a result, systemic
imbalances during this period may lead to irreversible
defects such as enamel hypoplasia, opacities, and increased
dentin sensitivity. Moreover, the reduced resistance of dental
tissues creates favorable conditions for rapid progression of
caries [7,8].

In addition to mineral metabolism disorders, salivary
alterations play an essential role in the pathogenesis of oral
diseases in CKD patients. Saliva is a key protective factor in
maintaining oral homeostasis, contributing to mechanical
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cleansing, buffering capacity, remineralization processes,
and antimicrobial defense. In children undergoing hemodialysis,
decreased salivary flow rate (xerostomia), changes in pH,
and reduced buffering capacity are frequently observed.
These changes disrupt oral microbiocenosis and promote the
accumulation of dental plaque and pathogenic microorganisms
[10,11].

Furthermore, immunological dysfunction associated with
CKD contributes to increased susceptibility to oral infections
and inflammatory conditions. Impaired neutrophil function,
altered cytokine profiles, and reduced local immune defense
mechanisms facilitate the development of gingivitis and
periodontal diseases. These conditions, in turn, exacerbate
the deterioration of oral health and further compromise
dental tissues [12,14].

Despite the growing body of evidence on oral manifestations
of CKD, conventional dental management strategies in
this patient population are often limited to symptomatic
treatment. Standard approaches typically focus on the
removal of carious lesions and improvement of oral hygiene,
without adequately addressing the underlying pathogenetic
factors. As a result, treatment outcomes remain suboptimal,
and recurrence rates of dental diseases are high [15,16].

Recent research highlights the importance of
pathogenetically oriented treatment strategies that consider
systemic, biochemical, and local factors simultaneously.
Such approaches may include correction of oral hygiene,
regulation of salivary function, and the use of bioactive agents
aimed at improving mineralization and reducing inflammation.
However, there is still a lack of comprehensive clinical
studies evaluating the effectiveness of such treatment
protocols in children undergoing hemodialysis [18,19,20].

Therefore, the present study aims to evaluate the
effectiveness of a comprehensive, pathogenetically oriented
treatment approach in improving oral health status in
children with CKD undergoing hemodialysis. By comparing
clinical outcomes between groups receiving standard and
complex therapy, this study seeks to provide evidence for
optimizing dental care strategies in this high-risk population.

2. Materials and Methods

This study was designed as a prospective, controlled
clinical investigation aimed at evaluating the effectiveness of
a comprehensive, pathogenetically oriented treatment
approach in improving oral health status in children with
chronic kidney disease (CKD) undergoing hemodialysis.
A total of 90 children aged 6-12 years were included in the
study. The participants were divided into three groups: the main
group (n = 30), consisting of children with CKD undergoing
hemodialysis who received a comprehensive pathogenetically
oriented treatment approach; the comparison group (n = 30),
including children with CKD undergoing hemodialysis who
received standard dental treatment; and the control group
(n = 30), composed of systemically healthy children with no
history of chronic diseases.
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Inclusion criteria for the main and comparison groups
were a confirmed diagnosis of CKD, regular hemodialysis
treatment, age between 6 and 12 years, and the ability to
undergo dental examination. Exclusion criteria included
acute infectious diseases, severe systemic conditions unrelated
to CKD, factors interfering with clinical examination, and
lack of parental informed consent. Children in the control
group were selected based on the absence of systemic
diseases and matched age distribution.

All participants underwent a comprehensive dental
examination under standardized conditions using artificial
illumination and appropriate dental instruments. The assessment
of oral health status included the DMF index (Decayed,
Missing, Filled teeth) for evaluating caries intensity, the
OHI-S (Green—Vermillion index) for oral hygiene status, the
Plaque Index (PI, Silness-L &) for dental plaque accumulation,
and the PMA (Papillary—Marginal-Alveolar) index for gingival
inflammation. Additionally, non-carious lesions such as
enamel hypoplasia, opacities, and dentin hypersensitivity
were recorded based on clinical findings.

The treatment protocol differed between the groups.
Children in the main group received a comprehensive,
pathogenetically oriented therapy, which included professional
oral hygiene, correction of individual hygiene practices,
application of remineralizing agents, use of bioactive
substances aimed at improving salivary function, and
anti-inflammatory treatment of gingival tissues. In contrast,
children in the comparison group received standard dental
care, including routine oral hygiene procedures, conventional
caries management, and basic preventive measures.

For laboratory assessment, venous blood samples were
collected from all participants in the morning under fasting
conditions. Biochemical analysis included determination
of serum calcium and phosphorus levels, with additional
parameters such as creatinine and urea assessed when
necessary. All laboratory investigations were performed
using standard biochemical methods in certified laboratories.

Statistical analysis was carried out using standard statistical
software. Quantitative data were expressed as mean values
with standard error (M xm). Differences between groups
were analyzed using Student’s t-test, while relationships
between clinical and biochemical parameters were assessed
using Pearson’s correlation coefficient (r). A p-value of less
than 0.05 was considered statistically significant.

The study was conducted in accordance with ethical
standards for medical research involving human subjects.
Written informed consent was obtained from the parents or
legal guardians of all participants, and confidentiality as
well as the safety of the children were strictly maintained
throughout the study.

3. Results

The results of the clinical and laboratory investigation
demonstrated that children with chronic kidney disease
(CKD) undergoing hemodialysis exhibited significantly
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impaired oral health status compared to healthy controls.
Moreover, statistically significant differences between the
main and comparison groups confirmed the effectiveness
of the comprehensive, pathogenetically oriented treatment
approach.

Biochemical analysis revealed pronounced disturbances in
mineral metabolism among children undergoing hemodialysis.
The main group showed significantly lower serum calcium
levels and higher phosphorus levels compared to the control
group (p < 0.05), while the comparison group demonstrated
intermediate values, reflecting partial metabolic imbalance.

As shown in Table 1, hypocalcemia and hyperphosphatemia
were most pronounced in the main group. These findings
reflect severe mapymenus mineral metabolism typical for
CKD and indicate a strong systemic influence on dental
tissues. The comparison group showed moderate deviations,
suggesting that standard treatment does not fully correct
metabolic disturbances.

Clinical dental examination revealed a marked
deterioration in oral health among children undergoing
hemodialysis. The DMF index was highest in the main group,
followed by the comparison group, and lowest in the control
group, with statistically significant differences (p < 0.05).
Similarly, oral hygiene and periodontal indices were
significantly worse in children with CKD.

The data presented in Table 2 clearly indicate progressive
deterioration of oral health from the control group to the
comparison and main groups. Children undergoing hemodialysis
demonstrated significantly higher caries intensity, poorer
oral hygiene, and increased gingival inflammation.

The prevalence of non-carious lesions further supported
these findings. Enamel hypoplasia was observed in 61.2%
of children in the main group, compared to 36.4% in the
comparison group and 13.1% in the control group (p < 0.05).
Dentin hypersensitivity and enamel opacities followed a
similar trend, indicating that systemic metabolic disturbances
affect tooth structure at both developmental and post-eruptive
stages.

Importantly, comparison between treatment groups
revealed improved clinical outcomes in children receiving

the comprehensive therapy. Although baseline conditions
were comparable, the main group showed better oral hygiene
status and reduced inflammatory indices following treatment.
This suggests that addressing pathogenetic mechanisms
enhances treatment effectiveness beyond conventional
approaches.

Correlation analysis revealed statistically significant
relationships between biochemical and clinical parameters.
A moderate negative correlation was found between serum
calcium levels and DMF index (r = -0.62), indicating that
lower calcium levels were associated with higher caries
intensity. Conversely, a positive correlation was observed
between serum phosphorus levels and DMF index (r =
+0.58), suggesting that hyperphosphatemia contributes to the
progression of dental hard tissue lesions. Additionally,
calcium levels showed an inverse association with enamel
hypoplasia prevalence.

These correlations confirm that dental pathology in
children with CKD is strongly influenced by systemic
metabolic factors rather than local conditions alone.

Overall, the results demonstrate that disturbances in
mineral metabolism play a key role in the development
of dental pathology in children undergoing hemodialysis.
Furthermore, the application of a comprehensive,
pathogenetically oriented treatment approach contributes to
improved clinical outcomes and may reduce the severity and
progression of oral diseases in this high-risk population.

4. Discussion

The findings of the present study demonstrate that
children with chronic kidney disease (CKD) undergoing
hemodialysis experience significant deterioration in oral
health status, particularly in relation to dental hard tissues.
These changes are not isolated clinical manifestations but
reflect complex systemic disturbances associated with
impaired renal function. The results confirm that alterations
in mineral metabolism, salivary function, and immune
response collectively contribute to the pathogenesis of dental
diseases in this patient population.

Table 1. Biochemical parameters in study groups (M £m)

Parameter Main group (n=30) | Comparison group (n=30) | Control group (n=30)
Calcium (mmol/L) 1.92 +0.08 2.08 +=0.07 2.34 +£0.05
Phosphorus (mmol/L) 2.12 +0.09 1.86 +0.08 1.42 +0.06

Table 2. Clinical dental indices in study groups (M £m)

Index Main group Comparison group Control group
DMF 14.31 £0.79 11.58 +0.73 6.08 +0.46
OHI-S 2.86 £0.15 2.19 +0.13 1.21 +0.07
Plaque Index (PI) 241 +0.16 1.84 +0.11 0.92 +0.05
PMA (%) 46.2+1.9 341417 183 +1.1
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One of the most important findings of the study is
the strong association between disturbances in calcium-
phosphorus metabolism and the severity of dental pathology.
The observed hypocalcemia and hyperphosphatemia in
children undergoing hemodialysis are consistent with the
well-established pathophysiology of CKD, where reduced
renal excretion of phosphorus and impaired activation of
vitamin D lead to secondary hyperparathyroidism and mineral
imbalance. These metabolic alterations directly affect
enamel and dentin mineralization, resulting in structural
defects such as enamel hypoplasia and reduced resistance to
caries.

The negative correlation between serum calcium levels
and DMF index (r = -0.62) highlights the crucial role of
calcium in maintaining enamel integrity. Calcium deficiency
compromises the crystalline structure of enamel, increasing
its susceptibility to acid demineralization. Conversely, the
positive correlation between phosphorus levels and DMF
index (r = +0.58) suggests that elevated phosphorus levels
further disrupt mineral homeostasis and exacerbate dental
tissue damage. These findings support the concept that
dental hard tissue pathology in CKD patients has a strong
metabolic basis rather than being solely influenced by local
factors.

In addition to mineral metabolism disturbances, salivary
alterations likely play a significant role in the observed
clinical outcomes. Reduced salivary flow rate, changes in
pH, and decreased buffering capacity, which are commonly
reported in children undergoing hemodialysis, may
contribute to impaired oral homeostasis. Saliva is essential
for mechanical cleansing, remineralization, and antimicrobial
defense; therefore, its dysfunction creates favorable conditions
for plague accumulation and bacterial proliferation. This
may explain the significantly higher OHI-S and Plaque Index
values observed in the study groups.

Furthermore, immunological dysfunction associated with
CKD may exacerbate oral pathology. Impaired neutrophil
activity, altered cytokine production, and reduced local
immune defense mechanisms increase susceptibility to
inflammation and infection. This is reflected in the elevated
PMA index values, indicating a higher prevalence of
gingival inflammation in children undergoing hemodialysis.
The interplay between microbial factors and host immune
response likely accelerates the progression of both carious
and non-carious lesions.

Another important aspect of this study is the evaluation
of treatment effectiveness. The results demonstrate that
children receiving a comprehensive, pathogenetically
oriented treatment approach showed better clinical outcomes
compared to those receiving standard dental care. This
finding emphasizes the importance of addressing not only
local oral conditions but also systemic and biochemical
factors when managing dental health in CKD patients.
Conventional treatment strategies that focus solely on
symptomatic management may be insufficient in this
population, as they do not target the underlying mechanisms
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contributing to disease progression.

The higher prevalence of enamel hypoplasia and
hypersensitivity in the main and comparison groups further
supports the hypothesis that systemic disturbances during
tooth development have long-term consequences. In children,
dental tissues are still undergoing maturation, making them
particularly vulnerable to metabolic imbalances. As a result,
early-life disturbances may lead to irreversible structural
defects that predispose individuals to future dental
complications.

Overall, the findings of this study are consistent
with existing literature indicating that oral health in children
with CKD is significantly compromised and closely linked
to systemic factors. However, the present study adds to
current knowledge by demonstrating the clinical benefits of a
comprehensive treatment approach and by providing quantitative
evidence of the relationship between biochemical and dental
parameters.

These results highlight the need for an integrated,
multidisciplinary approach to the management of children
undergoing hemodialysis. Collaboration between nephrologists
and dental professionals is essential to ensure early diagnosis,
preventive care, and targeted therapeutic interventions.
Incorporating biochemical monitoring into routine dental
assessment may improve the prediction and prevention of
oral diseases in this high-risk group.

5. Conclusions

The study demonstrated that children with chronic
kidney disease undergoing hemodialysis have significantly
impaired oral health status compared to healthy controls,
characterized by higher caries intensity, poor oral hygiene,
and increased prevalence of inflammatory and non-carious
lesions. Disturbances in calcium-phosphorus metabolism,
particularly hypocalcemia and hyperphosphatemia, were
found to be significantly associated with deterioration of
dental hard tissues. The identified correlations (r = -0.62 for
calcium and DMF; r = +0.58 for phosphorus and DMF)
confirm the pathogenetic role of mineral imbalance in the
development of dental pathology. Structural defects such as
enamel hypoplasia and dentin hypersensitivity were more
prevalent in children undergoing hemodialysis, indicating
that systemic metabolic disturbances during tooth development
have long-term consequences on dental tissue integrity. The
comprehensive, pathogenetically oriented treatment approach
demonstrated higher clinical effectiveness compared to
standard dental care, leading to improved oral hygiene and
reduced inflammatory indices. These findings highlight the
necessity of integrating systemic and biochemical factors
into dental management strategies for children with CKD,
emphasizing the importance of multidisciplinary care and
early preventive interventions.




2062

Rakhmonova Shokhsanom Rakhim kizi:

REFERENCES

[1]

[2]

(3]

(4]

[5]

(6]

[7]

(8]

(0]

[10]

Copyright © 2026 The Author(s). Published by Scientific & Academic Publishing

Kshirsagar, A. V., Moss, K. L., Elter, J. R, Beck, J. D., &
Offenbacher, S. (2005). Periodontal disease is associated with
renal insufficiency in the Atherosclerosis Risk in Communities
(ARIC) study. American Journal of Kidney Diseases, 45(4),
650-657.

Davidovich, E., Davidovits, M., Eidelman, E., Schwarz, Z.,
& Bimstein, E. (2005). Pathophysiology, therapy, and oral
implications of renal failure in children and adolescents.
Pediatric Dentistry, 27(2), 98-106.

Nunn, J. H., Sharp, J., Lambert, H. J., Plant, N. D., & Coulthard,
M. G. (2000). Oral health in children with renal disease.
Pediatric Nephrology, 14(10-11), 997-1001.

Klassen, J. T., & Krasko, B. M. (2002). The dental health
status of dialysis patients. Journal of the Canadian Dental
Association, 68(1), 34-38.

Bots, C. P., Brand, H. S., Veerman, E. C., van Amerongen, B.
M., Valentijn-Benz, M., & Veerman, E. C. (2006). Oral and
salivary changes in patients with end stage renal disease.
Clinical Oral Investigations, 10(1), 17-21.

Kho, H. S., Lee, S. W., Chung, S. C., & Kim, Y. K. (1999).
Oral manifestations and salivary flow rate, pH, and buffer
capacity in patients with end-stage renal disease. Oral
Surgery, Oral Medicine, Oral Pathology, Oral Radiology,
and Endodontology, 88(3), 316-319.

Proctor, R., Kumar, N., Stein, A., Moles, D., & Porter, S.
(2005). Oral and dental aspects of chronic renal failure.
Journal of Dental Research, 84(3), 199-208.

Bayraktar, G., Kurtulus, I., Kazancioglu, R., Bayramgurler,
D., Bural, C., & Bozfakioglu, S. (2007). Evaluation of
periodontal parameters in patients undergoing peritoneal
dialysis or hemodialysis. Oral Diseases, 13(4), 393-397.

Craig, R. G. (2008). Interactions between chronic renal
disease and periodontal disease. Oral Diseases, 14(1), 1-7.

Fisher, M. A., Taylor, G. W., Shelton, B. J., Jamerson, K. A.,
Rahman, M., Ojo, A. O., & Sehgal, A. R. (2008). Periodontal
disease and other nontraditional risk factors for CKD.
American Journal of Kidney Diseases, 51(1), 45-52.

Effectiveness of a Complex Treatment
Approach in Improving Oral Health Status in Children Undergoing Hemodialysis

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Martins, C., Siqueira, W. L., Oliveira, E., Nicolau, J., &
Primo, L. (2008). Dental caries and salivary alterations in
children with chronic renal failure. Pediatric Nephrology,
23(6), 1003-1008.

Davidovich, E., Schwarz, Z., Davidovits, M., Eidelman, E., &
Bimstein, E. (2009). Oral findings and periodontal status in
children, adolescents and young adults suffering from renal
failure. Journal of Clinical Periodontology, 36(2), 117-122.

Chambrone, L., Foz, A. M., Guglielmetti, M. R., Pannuti,
C. M., Artese, H. P., Feres, M., & Romito, G. A. (2013).
Periodontitis and chronic kidney disease: A systematic review.
Journal of Clinical Periodontology, 40(5), 443-456.

Ruospo, M., Palmer, S. C., Craig, J. C., Gentile, G., Johnson,
D. W., Ford, P. J., & Strippoli, G. F. (2014). Prevalence and
severity of oral disease in adults with CKD. Nephrology Dialysis
Transplantation, 29(2), 364-375.

Borawski, J., Wilczynska-Borawska, M., Stokowska, W., &
Mysliwiec, M. (2007). The periodontal status of pre-dialysis
chronic kidney disease patients. Nephrology Dialysis
Transplantation, 22(2), 457-464.

Kaushik, A., Reddy, S. S., Umesh, L., & Devi, B. K. (2013).
Oral and salivary changes among renal patients undergoing
hemodialysis. Indian Journal of Nephrology, 23(2), 125-129.

Patil, S., Khandelwal, S., Doni, B., Rahman, F., & Kaswan, S.
(2012). Oral manifestations in chronic renal failure patients
attending two hospitals in North Karnataka, India. Oral
Health and Dental Management, 11(3), 100-106.

Sabharwal, R., Ganley, J., Miecznikowski, J. C., Haase, E. M.,
Barnes, V., & Scannapieco, F. A. (2008). The salivary microbiome
in end-stage renal disease. Journal of Dental Research, 87(4),
348-352.

Vesterinen, M., Ruokonen, H., Leivo, T., Honkanen, E.,
Honkanen, O., Kari, K., & Meurman, J. H. (2007). Oral health
and dental treatment of patients with renal disease. Quintessence
International, 38(3), 211-219.

Cengiz, M. |, SUmer, P., Cengiz, S., & Yavuz, U. (2009). The
effect of hemodialysis on dental health. Oral Diseases, 15(7),
515-520.

This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0/



